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Introduction: The traditional view of essential tremor (ET) as a monosymptomatic and benign disorder
has been reconsidered after patients with ET have been shown to experience cognitive deficits that are
also related to attention. The Attention Network Test (ANT) is a rapid, widely used test to measure the
efficiency of three attentional networks, i.e. alerting, orienting and executive, by evaluating reaction
times (RTs) in response to visual stimuli. The aim of this study was to investigate attentional functioning
in ET patients by means of the ANT.
Methods: 21 non-demented patients with ET and 21 age- and sex-matched healthy controls performed
the ANT.
Results: RT was significantly longer in ET patients than in controls (p < 0.001). Moreover, a significant
difference in alerting and executive efficiency (p ¼ 0.003 and p ¼ 0.01 respectively) was found between
groups, while the difference in the orienting efficiency only bordered on significance.
Conclusion: Our results point to a difficulty in the alerting and executive domains of attention in ET
patients, probably owing to a dysfunction in the cerebello-thalamo-cortical loop. These selective
attentional deficits are not related to clinical motor symptoms, contributing to shed further light on the
clinical picture of ET.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Essential Tremor (ET), which is clinically characterized by an 8-
to 12-Hz kinetic tremor of the arms and is often accompanied by
head and voice tremors, represents the most common tremor dis-
order in humans [1]. Similarly to others movement disorders, the
traditional view of ET as a monosymptomatic and benign disorder
has now been reconsidered after patients with ET have been shownit (C. Pauletti), daniela.
lucia@gmail.com (M.C. De
), antonio.curra@uniroma1.it
rinelli@unige.it (L. Marinelli),
i, et al., Selective attentional d
http://dx.doi.org/10.1016/j.pato experience cognitive deficits, which are typically mild but pro-
gressive [2].
The cognitive features of ET, which have been investigated by
means of neuropsychological tests and neuroimaging and electro-
physiological tools, are mainly related to the executive functions
[3e6], though attentional deficits have also been implicated. In
particular, subgroups of ET patients have displayed deficits in
complex auditory attention and visual attention, as well as some
peculiar attentional deficits measured by eliciting psychophysio-
logical components, such as P3 and MMN, that are related to the
evaluation of novelty and pre-attentive auditory discrimination
[7,8].
Attention is a major cognitive function that may be defined in
terms of the ability to correctly allocate processing resources to
relevant stimuli [9]. It does not consist of a single mechanism, buteficit in essential tremor: Evidence from the attention network test,
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[10].
One early influential model, based on the hypothesis that
attention has various neurological underpinnings, was first pro-
posed byMichael Posner: the Attention Network Theory stated that
there are at least three key types of supramodal attention, i.e.
alerting, orienting and executive, each of which is functionally and
anatomically distinct [11].
The alerting network is designed to achieve and maintain an
internal state in preparation for perceiving the incoming stimuli.
Neuroimaging studies have demonstrated that this network is
related to an increased activity in the thalamus and in the fronto-
parietal cortical networks, especially in the right hemisphere, and it
has been associated to the norepinephrine system arising in the
locus coeruleus. The orienting network is aimed at prioritizing
sensory input by selecting information and shifting the attentional
focus from one area or object to another in the visual field. It has
been related to the superior parietal lobe, the temporal parietal
junction, the frontal eye fields, and the pulvinar, and it has been
associated to the acetylcholine system. The executive network
serves to monitor and solve conflicts between competing infor-
mation computed in different neural areas. It is linked to the ac-
tivity of the anterior cingular cortex (ACC) and the lateral prefrontal
cortex, and its functioning is influenced by the dopamine system
[10e13].
Although these three networks are related to specific anatomies
and neurotransmitters and have a certain degree of independence,
interactions may occur [14]. An easy and reliable way to study these
three attentional networks is by means of the Attentional Network
Test (ANT), which was first proposed by Fan [14] and which, by
combining the cued reaction time task and the flanker task, yields a
measure of the efficiency of these three networks within one
relatively short task that can be easily run with patients, even
affected by movement disorders.
Even if there is a growing body of evidence regarding the
cognitive impairment in ET patients, the pathophysiology of
cognitive deficits in ET, as well as of ET itself, is still poorly under-
stood. Many authors have attributed these deficits to a frontal
dysfunction caused by a remote effect within cerebello-thalamo-
cortical circuits due to the primary cerebellar pathology [15], sup-
ported by functional imaging showing abnormal activities in
dorsolateral prefrontal cortex (DLPFC) and inferior parietal cortex
of ET patients performing cognitive task [16,17] and by structural
imaging showing widespread areas of atrophy in both cerebellar
and cerebral areas, especially frontal lobe-ACC and prefrontal
cortices [18].
The aim of the present study was to verify, by means of the ANT,
whether a selective attentional deficit, according to the Posnerian
model, is present in ET patients in order to better define the
cognitive pattern of ET from a neural networks' efficiency
perspective. We hypothesized, given the body of evidence collected
over the last decade on cognitive deficits in ET, which mainly
highlighted the role of cerebellum and cortical areas implicated in
executive functions, that patients experience difficulties related to
the executive network. We also tried to assess the efficiency of the
orienting and alerting domains that so far have not been well
investigated.
2. Subjects and methods
2.1. Subjects
Twenty-one outpatients (10 males, 11 females; 72.4 ± 7 years),
with a diagnosis of ET [19], were consecutively recruited for the
study at our clinic between July 2014 and December 2014.Please cite this article in press as: C. Pauletti, et al., Selective attentional d
Parkinsonism and Related Disorders (2015), http://dx.doi.org/10.1016/j.paAll the patients were examined by two independent experi-
enced neurologists and were clinically evaluated by means of the
FahneTolosaeMarin Tremor Rating Scale (FTMeTRS) [20].
The main clinical characteristics of the ET population are shown
in Table 1. At the time of the study, 6 (28.6%) patients were taking
betablockers, 4 (19%) were taking levetiracetam, while the
remaining 11 (52.4%) were not taking any medication.
Twenty-one healthy age- and sex-matched volunteers (10
males, 11 females; 71.8 ± 7.7 years), with unremarkable personal
and family histories for psychiatric and neurological disorders and
no abnormalities at the neurological examination, were consecu-
tively recruited from non-consanguineous relatives of the neuro-
logical outpatients as the control group in the same period. None of
the controls was taking any medication.
All the subjects enrolled in the study underwent the Mini-
Mental State Examination to rule out the presence of dementia.
All the participants were right-handed and gave their written
informed consent to the study. The study was approved by the local
ethics committee.
2.2. Procedure
2.2.1. Control measures
Before the ANT session, validated self-administered question-
naires were used to assess depression (Beck Depression Inventory,
BDI) [21] and anxiety (STAI Y-1, STAI Y-2) [22] in order to rule out
the presence of attentional biases determined by anxiety and
depression symptoms.
2.2.2. Paradigm: attention network test
The ANT we used is the original version of the test, described by
Fan et al. [14].
The task requires participants to determine whether a central
arrow points left or right, responding as quickly and accurately as
possible by pressing one button for the left-pointing arrow and
another button for the right-pointing arrow. The arrow appears
above or below the fixation point (a central cross shown on a
computer screen); it may or may be not preceded by a warning cue
(represented by an asterisk), and may or may be not accompanied
by flankers (two arrows on either side). There are four cue condi-
tions: (1) “no cue”, in which no asterisk precedes the target; (2)
“double cue”, in which the asterisk appears simultaneously both
above and below the center; (3) “center cue”, in which the asterisk
appears in the center of the screen and indicates that the target
arrow is about to appear, without providing any information on its
location; (4) “spatial cue”, in which the asterisk appears either
above or below the center, indicating that the arrow is about to
appear and exactly where it will appear. There are also three target
conditions according to the presence and type of flankers: (1)
“neutral” condition, in which the target is not surrounded by
flankers; (2) “congruent” condition, in which the four arrows sur-
rounding the central target point in the same direction; (3)
“incongruent” condition, in which they point in the opposite
direction.
Measuring howRTare influenced by alerting cues (no cue versus
double cue), spatial cues (center cue versus spatial cue), and
flankers (congruent versus incongruent) provides a measure of the
efficiency of the three attentional networks: when the double cue is
presented it tends to keep attention towards to two potential target
locations (below or above the fixation point), but it also provides
temporal information alerting the subject to the impending arrival
of the target stimulus, so that recruiting the alerting network. Both
center and spatial cues are alerting cues, but only the spatial cue
provides spatial information that allows subjects to start orienting
attention to the appropriate location while attending the target,eficit in essential tremor: Evidence from the attention network test,
rkreldis.2015.08.035
Table 1
Demographic variables, clinical characteristics and ANT data of ET patients and controls. Significant differences are highlighted in bold italics.
ET (n ¼ 21) Controls (n ¼ 21) p*
M/F 10/11 10/11 1**
Age (yrs)a 72.4 ± 7 (74) 72.2 ± 6.7 (74) 0.90
Education (yrs)a 9.8 ± 5.2 (8) 11.3 ± 3.7 (10.5) 0.21
STAI Y-1a 36.1 ± 5.2 (36) 34.2 ± 4.7 (33) 0.08
STAI Y-2a 40.6 ± 7.9 (38) 33.9 ± 5.3 (33) 0.001
BDIa 8.4 ± 5 (8) 7.0 ± 2.3 (7) 0.58
MMSEa 28.4 ± 1.3 (28.3) 29.0 ± 1.6 (30) 0.09
Age at onset (range) 46.9 ± 22.9 (10e75) e
Disease duration yrs (range) 25.5 ± 22.1 (2e70) e
FTM TRS
TOT 24.9 ± 11.5 e
A 8.1 ± 3.0 e
B 10.5 ± 5.5 e
C 6.2 ± 4.0 e
Familiarity y/n (%) 19/2 (90.5%) e
Overall RTa (ms) 840.3 ± 130 (809) 526.7 ± 145.8 (451) <0.001
Accuracya % 96.1 ± 6.7 (99) 98.1 ± 0.8 (98) 0.5
Alerting network efficiencya raw data 9.3 ± 28.6 (0) 23.3 ± 14.8 (23) 0.05
Corrected ratio 0.01 ± 0.03 (0) 0.05 ± 0.03 (0.05) 0.003
Orienting network efficiencya raw data 62.8 ± 42.4 (59) 28.9 ± 15.3 (29) 0.001
Corrected ratio 0.08 ± 0.05 (0.08) 0.06 ± 0.03 (0.06) 0.09
Conflict network efficiencya raw data 141.9 ± 68.8 (144) 66.4 ± 74.9 (34) 0.001
Corrected ratio 0.7 ± 0.3 (0.7) 0.4 ± 0.3 (0.3) 0.01
M: male; F: female; STAI Y-1: State-Trait Anxiety Inventory State score; STAI Y-2: State-Trait Anxiety Inventory Trait score; BDI: Beck Depression Inventory. MMSE: Mini
Mental State Examination. FTM TRS ¼ FahneTolosaeMarin Tremor rating Scale expressed as Total score and part A (tremor rate) B (performance) C (daily activities) scores.
*ManneWhitney U test; **c2 for categorical data. Significance level is set to p  0.05.
a Data are expressed as mean ± standard deviation (median).
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network. Moreover, because of the conflicting information carried
by the incongruent flankers, more effort in the executive network is
required while responding to this type of target, when compared to
the congruent flankers target.
The test consists of a 24-trial practice block, during which the
subject receives feedback regarding whether the response is ac-
curate or inaccurate, and three experimental blocks with no feed-
back. Each experimental block consists of 96 trials (two repetitions
of 48 conditions: 4 cue types 2 target locations (above/below) 2
target directions (right/left)  3 flanker conditions).
Each trial is composed of a first fixation that varies randomly
between 400 and 1600 ms. Next, a cue is presented for 100 ms (or,
in the no cue condition, a second fixation lasting 100 ms). 400 ms
after offset of the cue, the target and flankers are presented
simultaneously, persisting until the subject responds, or for
1700 ms if no response is given. The last post-target fixation period
depends on the reaction time and the first fixation (it lasts 3500 ms
minus the reaction time (RT) minus the duration of the first
fixation).
2.3. Statistical analyses
The KolmogoroveSmirnov test was applied to assess the normal
distribution of the data.
The subjects' demographic and psychological characteristics
were compared using the ManneWhitney U test for continuous
variables and c2 test for categorical data.
2.3.1. ANT analysis
For the calculation of RT, an initial data reduction led to the
exclusion of trials with incorrect responses, of trials with a RT <100
or >1700 ms, and of trials with a RT more than the subject's mean
RT ±2SD. The RT was first analyzed by means of mixed model
ANOVA for repeated measures, with the “cue” (no cue (NC), double
cue (DC), center cue (CC), spatial cue (SC)) and the “target”
(congruent (C), incongruent (I), neutral (N)) as the within-subjectPlease cite this article in press as: C. Pauletti, et al., Selective attentional d
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between-subject factor. Since the RTs of the ET patients were
significantly longer than those of the controls, ratios could be
applied to examine specific effects that are not affected by differ-
ences in the overall mean RTs. Therefore, the median RT in each
condition, for each subject, was divided by its overall RT [23]. Then,
an identical mixed model ANOVA for repeated measures was used
with the corrected data. When needed, a post-hoc correction ac-
cording to Bonferroni was applied. Degrees of freedom were
adjusted, if necessary, using the GreenhouseeGeisser epsilon co-
efficient for possible violations of the sphericity assumption; cor-
rected p values are reported.
In accordance with Fan [14], the subtraction method was then
applied to isolate the efficiency of the three attentional networks
as follows: the alerting network efficiency was indexed using the
score obtained by subtracting the mean RT on DC trials from the
mean RT on NC trials; the orienting network efficiency was
indexed using the score obtained by subtracting the mean RT ratio
on SC trials from the mean RT ratio on CC trials; the executive
network efficiency was indexed using the score obtained by
subtracting the mean RT ratio on C target trials from the mean RT
ratio on I target trials. For both the alerting and orienting effects,
higher subtraction scores indicate greater efficiency; on the con-
trary, the more the executive network is efficient, the lower the
subtraction score is.
Statistical effects of the data obtained were analyzed by Man-
neWhitney U test for independent samples.
Overall accuracy (calculated including all trials), was analyzed
by means of mixed model ANOVA for repeated measures, with the
“cue” (NC, DC, CC, SC) and the “target” (C, I, N) as the within-subject
factors, and the “group” (ET patients and controls) as the between-
subject factor.
The Pearson correlation test was performed to assess any cor-
relations between the clinical and attentional variables.
A p < 0.05 was considered statistically significant. The analyses
were performed using the SPSS statistical package (Version 20.0).eficit in essential tremor: Evidence from the attention network test,
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There were no differences in age, sex or level of education be-
tween ET patients and controls.
All the subjects had an age- and education-adjustedMMSE score
23.8, which is the cut-off for dementia according to Italian
normative data [24]. No statistical differences between groups
emerged in either the BDI score or STAI Y-1 values. A significant
difference between groups was instead found in STAI Y-2 values
(p¼ 0.001), with patients displaying a mild degree of anxiety when
compared with controls. The mean scores were, however, far below
the cut-off value for moderate/severe depression and anxiety, and
none of the subjects was clinically depressed or anxious.3.1. ANT
The mean RT and accuracy values are shown in Table 2.3.1.1. RT
RTs were significantly longer in ET patients than in controls,
both when the overall RT was considered (ET patients: 840 ms;
controls 527 ms) and under each of the conditions (group effect:
F1,40 ¼ 53.9; p < 0.001).
A significant main effect “cue”  “group” interaction was
observed (F(3,120) ¼ 6.6, p ¼ 0.001); after Bonferroni correction for
multiple comparisons, a significant difference was detected be-
tween groups in each of the conditions (NC: p < 0.001; DC:
p < 0.001; CC: p < 0.001; SC: p < 0.001). In the control group, a
significant reduction in RT emerged between the NC and the DC
condition (NC: 552; DC: 528; p < 0.001). By contrast, no significant
difference was found between the NC and the DC condition (NC:
859; DC: 850; p¼ 0.43) in the ET group. A significant difference was
found between the CC and the SC conditions in both the control
group (CC: 528; SC: 499; p < 0.001) and the ET group (CC: 858; SC:
795; p < 0.001) (Fig. 1A). Exactly the same pattern was yielded by
the mixed model ANOVA even after the general slowing in the ET
group was removed.
A significant main effect “target”  “group” interaction was
observed (F(2,80) ¼ 19.9, p < 0.001) and, after Bonferroni correction,
a significant difference was detected between groups for both the
“congruent” (C) condition (p < 0.001) and the “incongruent” (I)
condition (p < 0.001); moreover, a significant difference was
detected between these conditions for both the ET group (C: 830, I:
972, p < 0.001) and control group (C: 518, I: 585, p < 0.001) (Fig.1B).
The same significant main effect “target”  “group” interactionwasTable 2
Mean reaction times and accuracy under each condition for ET patients and controls.
Group Flanker Cue type
No cue Double cue Center cue Spatial cue
Mean RT ms (SD)
ET Congruent 851 ± 158 838 ± 134 849 ± 161 783 ± 140
Incongruent 991 ± 146 987 ± 156 1001 ± 153 911 ± 150
Neutral 737 ± 112 725 ± 125 725 ± 119 692 ± 126
Controls Congruent 537 ± 145 523 ± 138 524 ± 132 490 ± 128
Incongruent 612 ± 202 592 ± 221 586 ± 193 552 ± 205
Neutral 507 ± 107 471 ± 101 476 ± 99 456 ± 100
% Accuracy (SD)
ET Congruent 0.95 ± 0.12 0.93 ± 0.21 0.96 ± 0.12 0.94 ± 0.21
Incongruent 0.91 ± 0.22 0.91 ± 0.22 0.94 ± 0.10 0.95 ± 0.11
Neutral 0.92 ± 0.22 0.93 ± 0.21 0.93 ± 0.21 0.93 ± 0.21
Controls Congruent 1.00 ± 0.01 1.00 ± 0.01 0.99 ± 0.02 1.00 ± 0.01
Incongruent 0.96 ± 0.09 0.98 ± 0.04 0.93 ± 0.11 0.99 ± 0.02
Neutral 0.99 ± 0.01 0.99 ± 0.02 0.99 ± 0.02 1.00 ± 0.01
Data are expressed as mean ± standard deviation.
Please cite this article in press as: C. Pauletti, et al., Selective attentional d
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was removed (F(2,80) ¼ 12.0, p < 0.001). However, after Bonferroni
correction, no difference was observed between groups for the C
condition (p ¼ 0.78), whereas a significant difference was observed
between groups for the I condition (p ¼ 0.002).
As expected, a significant main effect of the “cue” factor was
observed, with the RT being significantly faster for the SC condition
than for either the CC or DC conditions, and significantly slower for
the NC condition for both raw data (F(3,120) ¼ 75.3, p < 0.001) and
ratios (F(3,120) ¼ 102.7, p < 0.001). A significant main effect of the
“target” factorwas also observed, with significantly faster RT for the
C than for the I target (raw data: F(2,80) ¼ 124.8, p < 0.001; ratios:
F(2,80) ¼ 177.7, p < 0.001).
No main effect of the “cue”  “target”  “group” interactionwas
observed (raw data: F(6,240) ¼ 1.17, p ¼ 0.32; ratios: F(6,240) ¼ 1.1,
p ¼ 0.35).
A significant difference between groups regarding network ef-
ficiency emerged for each network (Fig. 2). Nonetheless, when the
ratio scores were considered, a significant difference between ET
patients and controls only for the alerting network (p ¼ 0.003) and
the executive network (p ¼ 0.01). The difference between ET pa-
tients and controls in the orienting effect instead only bordered on
significance (p ¼ 0.09), with slightly higher values being observed
in the ET group (Table 1).
3.1.2. Accuracy
As regards accuracy, the “group” factor effect proved not to be
significant (F(1,40) ¼ 2.2, p ¼ 0.14). No main effect of “cue” factor
(F(3,120) ¼ 1.3, p ¼ 0.28), “cue”  “group” interaction (F(3,120) ¼ 1.91,
p ¼ 0.14); “target”  “group” interaction (F(2,80) ¼ 1.55, p ¼ 0.22) or
“cue” “target” “group” interaction (F(6,240)¼ 0.34, p¼ 0.74) was
detected; by contrast, a main effect of the “target” factor was
observed (F(2,80) ¼ 4.44, p ¼ 0.02), with significantly higher accu-
racy being detected in the C trials than in the I trials (C ¼ 0.97; I:
0.95; p ¼ 0.02).
3.1.3. Correlations
3.1.3.1. Clinical ET features. No correlations were found between
the features of the ET patients and overall RT, accuracy, alerting
network efficiency or conflict network efficiency. Orienting
network efficiency significantly correlated with age at onset (r¼ 0.5
p¼ 0.02), disease duration (r¼0.48 p¼ 0.03) and tremor severity
(r ¼ 0.45 p ¼ 0.04).
3.1.3.2. Control measures. No correlations were found between
ANT parameters and anxiety or depression scores in the ET group.
4. Discussion
The aim of the present study was to evaluate, according to the
Posnerian attention model, the efficiency of the three attentional
networks following recent reports of mild, mainly subclinical,
cognitive deficits in ET patients [2].
First, a significant global delay in RTs emerged in ET patients,
regardless of the type of trial cueetarget combination. The global
mean RT does not appear to be correlated with disease severity,
which means that the impaired performance may be a primary
manifestation of the disease rather than a symptom that is sec-
ondary to tremor. These data are in line with those published by
Jimenez-Jimenez et al. [25], who reported a prolonged RT in visual
tasks that did not correlatewith ETcharacteristics, interpreting it as
a sign of bradykinesia in ET patients.
In order to uncover the group effect in the network efficiency,
regardless of the overall global slowing, the ratio scores, as well as
the subsequent three network scores, were also calculated. ETeficit in essential tremor: Evidence from the attention network test,
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Fig. 1. RTs e raw data related to cue (part A) and to target (part B), collapsed for groups.
Fig. 2. Attentional Networks Efficiency obtained by the subtraction method. *p < 0.05
for both raw data and ratio scores; **p < 0.05 only for raw data. Error bars indicate SE.
C. Pauletti et al. / Parkinsonism and Related Disorders xxx (2015) 1e6 5patients were affected significantly less by the alerting network
than age-matched controls, as is demonstrated by the lack of any
significant difference between trials with a double warning cue and
trials with no cue (Fig. 1A). Typically, a warning stimulus preceding
a response signal normally improves the RT for the required motor
response by producing a phasic change in alertness (i.e. the ability
to increase and maintain response readiness to an impending
stimulus) [26]. This change in the preparatory set relies on the
integrity of several structures, including the thalamus and cere-
bellum, and the alerting network, in fact, relies heavily on thalamic
areas, locus coeruleus, and cortical areas, such as frontal e parietal
cortices, which are the target of the brain's norepinephrine system
[10]. Experimental studies have demonstrated that the preparatory
neural activity recorded in the thalamus correlates with the RT of
the subsequent movement; indeed, in order to tune the system for
fast reactions, the buildup of anticipatory neuronal states within
the thalamus is behaviorally relevant [27].
Moreover, the cerebellum is known to be crucial in time esti-
mation and anticipatory set behavior, its role in cognitive func-
tioning having been clearly established. Indeed, cerebellar activityPlease cite this article in press as: C. Pauletti, et al., Selective attentional d
Parkinsonism and Related Disorders (2015), http://dx.doi.org/10.1016/j.pa(as measured by MEG) is known to be related to RT and the state of
the cerebellum before stimulation partially predicts the speed of
response [28].
Although the pathophysiology of ET is still unclear, a growing
body of evidence suggests that the cerebellum and its connections
play a crucial role in the pathogenesis of ET [6,29]. It is therefore
arguable that these findings that are ascribable to a dysfunctional
alerting effect in ET patients are due to a dysfunction in the
cerebello-thalamo-cortical loop.
In addition, the functioning of the alerting network is strictly
related to the cortical noradrenergic projections from the locus
coeruleus. The possible implication of the locus coeruleus in the
pathophysiology of ET was reported in a recent study [30], inwhich
the authors found, in line with the GABA hypothesis in ET [31],
significantly reduced levels of parvalbumin, a marker of GABAergic
interneurons, in the pons and locus coeruleus of ET patients,
though not in the cerebellum.
Another finding of the present work is the impaired executive
network in ET patients. The executive network offers the ability to
solve and control conflict, by ignoring distracting or conflicting
information in order to focus on relevant information. The ANT
provides knowledge on the efficiency of this controlling system by
evaluating differences between trials with congruent flanker tar-
gets and trials with incongruent flanker targets. Responses to
congruent trials are typically faster and more accurate than re-
sponses to incongruent trials. The smaller the difference, the more
efficient the attentional executive control is, and the lower the cost
of ignoring conflicting information.
Neuroimaging studies have highlighted the crucial role played
by the ACC and the DLPFC in the executive network. Activation of
the lateral prefrontal cortex, of frontal areas such as the dorsal ACC,
and of parts of the basal ganglia has been described during conflict
tasks [32e34]. ET patients have displayed abnormalities in these
areas in functional neuroimaging studies. Passamonti et al. [17]
detected an imbalance in connectivity between the executive
control circuit and the default mode network in patients with ET.
The authors hypothesized a dysfunction in the suppression of task-
irrelevant thoughts via focused attention, believed to be driven by
the cerebellum. A recent study by Song et al. [35] demonstrated,
through the analysis of cerebral perfusion, reduced regional CBF in
the insula, frontal area, cingulate and cerebellum in ET patients.eficit in essential tremor: Evidence from the attention network test,
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voxel-based morphometry also in cortical areas strictly related to
the executive network, such as the right medial frontal gyrus and
the ACC; this reduction in grey matter was significantly correlated
with impairment in neuropsychological tests [36].
The impairment in executive network efficiency in ET patients,
demonstrated by ANT, is in accordance with the involvement of the
executive circuit (DLPFC and ACC) in the pathological process un-
derlying ET.
ET patients showed a similar to control effect of facilitation in
trials with spatial cues compared to trials with central cues, thus
indicating that the occurring of a orienting cue is effective in
ameliorating the performances to the task. This is in keeping with
the observation that orienting network-related activity, expressed
by the ANT during an event-related fMRI, has been shown to acti-
vate parietal sites and frontal eye fields [32], which are not
impaired in ET, as neuroimaging studies have shown.Moreover, the
ANT scores showed that the orienting network worked even better
in our ET patients than in controls. It is arguable that the higher
efficiency of the orienting network found in our patients may
reflect a sort of functional “overactivity”, that acts as a compen-
sating mechanism to enhance the activity of the other impaired
networks. It is known in fact that a functional interaction between
the attentional networks may occur and Callejas et al. [37]
demonstrated that the orienting network influences the executive
network in a positive way, enhancing the congruency effect.
The level of accuracy displayed by ET patients in the present
study was similar to that displayed by controls. The only difference
yielded by the cue target combinationwas detected in the overall
responses, which were significantly less accurate to the incon-
gruent target than to the congruent target, though this trend is
typical of the task.
This is, to our knowledge, the first time attention has been
evaluated in ET patients by means of the ANT. Our results reveal a
selective impairment of the alerting and executive networks in
patients with ET, along with the sparing of the orienting network.
The main limitation of the present study is the lack of neuropsy-
chological testing (other thanMMSE) in order to better characterize
the cognitive profile of our sample. Further studies are needed to
verify the presence of a correlation between the functioning of
attentional network, as explored by ANT, and the performances at
the neuropsychological tests.
In conclusion, the attentional deficits we observed in this study
are in keeping with what is currently known about the possible
pathological findings in ET, which appears to exclude any rela-
tionship with clinical motor symptoms, and thus shed further light
on the clinical picture of ET.
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